A retrospective case-control study was carried out between 1999 and 2002. Cases (women with an IUD and a confirmed pregnancy) and controls (women with an IUD and who were not pregnant) were recruited by gynaecologists. An anonymous questionnaire was filled in during the consultation, with specific items regarding any type of drugs used before the predicted fertile period for cases and within the cycle that ended in menses for controls. RESULTS: Two hundred and sixteen cases were compared with 657 controls. Age was associated with IUD failure, with a significantly lower failure risk in women >35 years. A significant relationship was observed between a history of IUD expulsion and IUD failure risk (age-adjusted odds ratio 3.31, 95% CI 1.40-7.81). No relationship was observed between the risk of IUD failure and gynaecological background (fibroma, polyps and miscarriage), nor with any type of medicine taken by the woman. CONCLUSION: This study is clearly reassuring, as we found that anti-inflammatory drugs and any other medicines taken by the woman were not implicated in IUD failure. Only a history of previous IUD expulsion was found to be a risk factor for failure, indicating that these women should have regular medical and echographical follow-up. Comparing the efficacy rate of various types of IUDs, we found a clear advantage for levonorgestrel-releasing devices.
Introduction
Worldwide, the intrauterine device (IUD) is one of the most frequently used contraceptive methods, and the pregnancy rate of IUD users is estimated at between 1 and 3 per 100 woman-years (World Health Organization Task Force on Safety and Efficacy of Fertility Regulation Methods, 1990; Mishell, 1998; Faculty of Family Planning and Reproductive Health Care, 2004a) . Although the effectiveness of IUDs is excellent, such failure rates will lead to a substantial number of unwanted pregnancies and subsequent induced abortions. Unfortunately, very few studies have tried to identify the risk factors for IUD failure (Sivin and Schmidt, 1987) . In a recent review, several factors (size and shape of the device, technical skills of the healthcare staff, uterine position and length of the endometrium) were analysed but showed no significant relationship with IUD failure. Only the copper content of the device (with a significant link between lowest failure rates and largest copper surface areas) and the age of the woman (reduction of failure rate with increasing female age) were identified as IUD failure risk factors (Thonneau et al., 2001) . In a case-control study performed in 2003 in Spain (71 cases and 284 controls), the relation between pregnancy in Cu-IUD users, uterine position and hysterometry was analysed. Neither of these two gynaecological characteristics was associated with an increased risk of pregnancy (Avecilla-Palau and Moreno, 2003) .
More than 15 years ago, a case-control study conducted in France suggested that aspirin use could be a significant risk factor for IUD failure (OR 1.23, 95% CI 1.04-1.46) (Papiernik et al., 1989) . Nevertheless, several limitations (the absence of a statistically significant relationship with the use of other non-steroidal anti-inflammatory drugs or with steroids) and the low odds ratio observed largely contributed to weaken the authors' hypothesis, which has not as yet been confirmed by other studies.
To identify IUD failure risk factors in intrauterine pregnancy, we performed a large case-control study.
Materials and methods
A retrospective case-control study was carried out in France between 1999 and 2002, in close collaboration with the French federation of Downloaded from https://academic.oup.com/humrep/article-abstract/21/10/2612/2914084 by guest on 04 November 2018 medical gynaecology and all regional boards of this federation. General information, including the aim and the practical considerations of the study, was delivered by mail and at local meetings to all health professionals involved in family planning. The study was approved by a national ethics board.
Cases and controls were directly recruited by gynaecologists during their own practice. Cases were those women with an IUD inserted for >6 months and aged between 18 and 44 years and with confirmed pregnancy of <4 months duration (positive pregnancy test and/or positive echography). Controls were the next three following women with an IUD inserted for >6 months, who were not pregnant (last menses within the 10 days before the consultation) and were aged between 18 and 44 years.
An anonymous questionnaire was administered by the gynaecologist to both cases and controls and filled in during the consultation. Before the interview, informed consent was given and signed by each volunteer. The items included in the questionnaire were female age, parity and principal reproductive history, the type of IUD, the number of sexual partners or a new sexual partner (in the last 6 months) and the trade name of the IUD. A specific section was also devoted to the medications used by the woman. For cases, we asked about any type of treatment (oral, cutaneous or by injection) taken in the period including the last menses and the following 10 days (i.e. including the predicted fertile period). For controls, we asked women for the same type of information on drugs used during their last cycle (i.e. the cycle that ended in menses). For both cases and controls, if drugs had been used, their exact trade names were recorded. Information collected by gynaecologists was then coded by the research team. Second, the trade names of drugs taken by the woman were pooled by drug type: steroids and non-steroidal anti-inflammatory agents, antibiotics, analgesics, vaginal antiseptics and anti-depressants. Furthermore, it was determined precisely if the drugs were taken in the 'exposed period'-that is, the last cycle and the following 10 days before the predicted fertile period for cases, and the last cycle for controls.
Statistical analysis
Data were analysed by SAS and Stata software (8.0 version). The chisquare test was used for comparing percentages. Crude and adjusted odds ratios and 95% confidence intervals were estimated by logistic regression. Sample size, stratifications, adjustments and other epidemiological analysis were performed according to Schlesselman's recommendations (Schlesselman, 1982) . The sample size was calculated to detect a two-fold increase in the risk of pregnancy with IUD with a frequency of 5% in controls for a = 0.05 and 1 -b = 0.80.
Results
During the study period, 1001 women were enrolled. We excluded 102 women aged ≥45 years. Furthermore, 26 questionnaires were excluded because of the lack of key information (age and the localization of the pregnancy for cases). Finally, 216 cases were compared with 657 controls. Table I summarizes sociodemographic and clinical characteristics of cases and controls. The mean age of cases, 34.3 years (SD = 4.4), was significantly lower than that of controls, 37.0 years (SD = 5.2) (P < 0.001). Age was associated with IUD failure, with a significantly lower failure risk in women >35 years compared with those <30-34 years old: OR = 0.49 (95% CI 0.34-0.71) for age 35-39 years, and OR = 0.14 (95% CI 0.08-0.23) for age 40-44 years.
No significant differences were observed regarding parity and IUD failure risk, but the number of enrolled women not having given birth was low (n = 28). Educational level, living with male partner, the size of town of residence and current IUD past expiry date were not found to be significant IUD failure risk factors. Table II summarizes the distribution of main gynaecological disorders between cases and controls. We observed a significant relationship between the history of IUD expulsion and IUD failure risk (age-adjusted OR 3.31, 95% CI 1.40-7.81). Similarly, a history of breast disorders was significantly associated with a lower failure risk (P = 0.02), but this relationship was linked to female age effect (no statistical difference was observed after age adjustment). None of the other variables regarding the history of gynaecological disorders were found to be significant risk factors for IUD failure, even after age adjustment.
In this study, 307 women, 82 cases and 225 controls, stated that they had taken medicines within 2 weeks before conception for cases, or in the first part of the last menstrual cycle for controls. For each case and control, we checked the medicines used and then classified them as anti-inflammatory agents, analgesics, antidepressants, antibiotics and others. For drugs classified as anti-inflammatory agents, we analysed steroids and non-steroids separately. Finally and as summarized in Table III , none of the medicines taken, of whatever type, were found to be significant risk factors for IUD failure.
We analysed the risk of pregnancy according to the type of IUD. Comparing efficacy between several types of IUDs, we found that an LNG-IUD (Mirena) was the most effective. In a 73-126.20) for women with the GyneFix device (however, the number of subjects with this type of IUD was relatively low; n = 9) (Table IV) .
Discussion
Like previous published studies in this domain (Sivin and Schmidt, 1987; Thonneau et al., 2001) , we observed that IUD efficacy is affected by age. In our case-control study, the risk of IUD failure was lower in older women, which is due to decreasing fertility with advancing age.
We also observed that a history of IUD expulsion was a significant risk factor for the failure of the device (age-adjusted OR 3.31, 95% CI 1.40-7.81). The item 'history of IUD expulsion' is not mentioned as a significant failure risk factor in the literature. Nevertheless, the consequences of a disproportion between IUD size and the uterine cavity have been analysed by several authors (Anteby et al., 1993; Castro et al., 2003) . Hasson et al. (1976) observed that the length of the endometrial uterine cavity length conditions the effectiveness of IUDs, recording higher rates of pregnancies and expulsion in women where the size of the IUD was not appropriate for the endometrial uterine cavity length. Furthermore, the intrauterine position of the device, which is closely linked to its contraceptive effectiveness, has been recently assessed in a prospective study of 195 women, where the prevalence of abnormally positioned IUD was as high as 4%, 6 weeks after insertion (de Kroon et al., 2003) .
We may therefore hypothesize that women with a history of IUD expulsion are likely to have potential unfavourable uterine conditions (small uterine size, slight malformation or malposition), resulting in subsequent devices also being in an abnormal position and so leading to significantly decreased efficacy.
Given that a history of IUD expulsion has to be considered as a risk factor for IUD failure, clinicians involved in family planning must be aware of this information, so that these women may have regular echographical surveillance. We observed no significant relationship between IUD failure and the history of polyps, fibroma, miscarriage or previous pregnancy with IUD (cf. Table II) . These gynaecological backgrounds should not be considered as a formal contraindication for IUD insertion.
In our case-control study, we observed no relationship between the use of anti-inflammatory drugs and IUD failure. No significant relationship was observed between any type of medicine taken by the woman and the risk of IUD failure. In 1989, French authors found that the use of aspirin tablets significantly increased the risk of IUD failure (Papiernik et al., 1989) . Nevertheless, their conclusions should certainly be treated with caution because of several limitations. First, in their study, medicine use differed significantly between cases (47%) and controls (41%), whereas in our study this variable did not significantly differ between the two groups (P = 0.64). Second, the difference observed by Papiernik et al. in aspirin tablet use was not found with other anti-inflammatory drugs, which is somewhat surprising (in our study, regarding the absence of effect of drugs on IUD failure, all drugs had results in the same range). Finally, the very low odds ratio of 1.23 (95% CI 1.04-1.46) found by the authors for aspirin tablet use could be due to a recall bias rather than to a true IUD failure risk effect.
Another interesting finding of this study is that efficacy differed according to the type of IUD. As summarized in Table IV , LNG-IUDs were the most effective, which is in agreement with several recent publications (French et al., 2000; Pakarinen et al., 2003; Faculty of Family Planning and Reproductive Health Care, 2004b) . Furthermore, the comparison of different types of Cu-IUDs showed that those with a surface area of <300 mm 2 were significantly less effective, which is also in accordance with the literature (Batar et al., 2002; Cox et al., 2002; Cao et al., 2004) . The risk of pregnancy is known to be higher in women with GyneFix devices (Dennis et al., 2001; Wildemeersch et al., 2003) , but we had relatively few women using this type of IUD (n = 9).
Regarding the 'history of previous IUD expulsion', the odds ratios were not more significant for LNG-IUDs although the confidence interval was very large (OR 9.3, CI 0.6-134.3) but remained significant for IUDs with a copper area between 375 and 380 mm 2 (for other types, the number of cases was too small).
Limitations
Owing to the retrospective design, recall bias could be an important factor if cases were more likely than controls to remember potential risk factors (e.g. medicines taken). In fact, we believe that women are not aware of the potential impact of drugs on IUD effectiveness. Moreover, the proportion of women who had taken any medicines during the study period was very similar, 39% in the case group versus 37% in the control group (P = 0.64). Because of this, we may assume that recall bias did not play an important part in our study. Practitioners taking part in this study did so on a voluntary basis. Although this large multicentre trial involved >100 practitioners, the extrapolation of the results to other populations must be done with caution.
Conclusion
Although IUDs are one of the most effective methods of contraception, failures still represent a substantial number of unintended pregnancies. The results of this study are clearly reassuring, as we found that anti-inflammatory drugs or any other medicines taken by the woman did not affect IUD efficacy.
In our case-control study, a history of previous IUD expulsion was found to be a risk factor for IUD failure. Nevertheless, a previous expulsion is not a contraindication for a new IUD, on condition that these women have regular medical and echographical follow-up. Finally, the comparison of the efficacy rate between various types of IUDs showed a clear advantage for LNG-IUDs and, among Cu-IUDs, for those with the largest total copper area.
